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ABSTRACT

To get land cover information of study city area, and according to the spectral feather of the wanted classes
including water, vegetation, impervious surface, and soil at LANDSAT-TM remote sensing image, we used
a method that using three indexes including normalized difference vegetation index, modify normalized
difference water index, and ratio impervious surface index to extract the thematic information separately.
Firstly, we use the indexes to calculate the image. Then, we choose threshold for the three thematic layers
and did binarization for them too. In this step, we defined RISI according to the spectral feature and found
the RISI cannot extract the impervious surface correctly, water information was also extracted. So, we
calculated the RISI first, and then, used it to subtract MNDW!I to get the impervious surface information
and, a better result was gotten. Finally, we stack the three layers together and gave them the false color and,
cause soil had very low value in all three indexes layers, the map including water, vegetation, impervious
surface and soil was gotten together in one image, and it is effective to get them just by color difference.
With taking the high resolution image as reference, the totally accuracy it can get was 91.3%, and the
KAPPA was 0.892.

Keywords: Normalized Difference Vegetation Index (NDVI), Modify Normalized Difference Water Index
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1. INTRODUCTION including water, vegetation, soil and impervious
surface in one image.

In order to extract land cover information, many
methods are developed to get it using remote 2. STUDY AREA AND DATA
sensing image. Among these methods, the most
effective one is to use normalized difference
indexes, they according to the spectral feature of
land object and made calculation of remote sensing
image bands, after that, it can enlarge the difference

The process of In order to test the method we
proposed, we choose Taiyuan Shanxi province,
China city as study area. The reason is we live in
this city so that we can check the result

between the thematic information and other land
cover information, and made the interested
information can get higher digital number in the
result image. So far, many indexes such as NDVI
(Rouse, 1973), NDWI (Mcifeeters, 1996), MNDWI
(Hangiu Xu, 2005), NDISI (Hangiu Xu, 2008), [1-
4] and so on have been developed and wide applied
in remote sensing. Because one index just can
reflect one kind of land cover information not all of
kinds land information, so, we tried to combine
three indexes to get three kinds of land information.
After stacking them we gave them false color to test
if we can get four types land cover information

conveniently. Taiyuan is located between the west
of Taihang Mountain and east of Luliang Mountain
in northern China. It has four distinct seasons, the
weather is dry and cold in winter and, air
temperature warms up quickly in spring; The yearly
average temperature in this area is between 7.6°C
and 10.2°G the frost-free period lasts 163 days to
184 days per vyear, and the mean annual
precipitation is between 420 to 460 millimeters,
which can meet the basic crop growth need.

One LATSANT-TM image acquired in April
2011 covering the entire Taiyuan was chosen in this
study. In this month, many kinds of vegetation was
in the germination period, and cultivated land was
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not in the sowing time, so, the cultivated land was
full of soil. Since the downloaded data was a level 1
product and, geometric correction should be
performed. After selecting 40 GCPs randomly in
original image and, a corrected high resolution
image, we used polynomial transform model to
eliminate the geometric deformation of the original
image. Finally, we wused the administrative
boundaries of the study area in geographical
information to get an AOI and, the image was
obtained after AOI cutting (RGB = 432) as Figure 1
shows.

Figure 1 The location of Taiyuan city and its LANDSAT-
TM Image

A high resolution image w obtained in April
2011 as used in our work as reference data in our
work, which is showed in Figure 1 (c).

3. METHODS

For dealing with the image using the method we
proposed, firstly, we transformed image Digital
Number (DN) to reflectance, then used following
equations to calculate three image indexes
including NDVI, MNDWI, and RISI to get the grey
value layers. Secondly, we used the high resolution
image as reference to check the result the three
indexes and, then adjust the indexes according the
spectral feather of the object we want to get.
Thirdly, with the layers we got, we found an
appropriate threshold to make a decision in
classification. Finally, we chose 100 point in the
result image randomly, to compared with the same
position in the high resolution image to assess the
classification accuracy.

4. WORK PROCESS

1) Reflectance inversion

Because the TM image uses DN to show the grey
value, for more rigorously, it should be changed to
reflectance to make the image comfort to the
reality. The inversion process is as below:

a) Transform DN to radiation value with
expression (1),

Radiation =DN * gain +bias 1)

Where DN is the digital number in the original
image, gain and bias are the constant which can be
gotten in the USGS TM user’s manual as showed in
Table 1.

Table 1 Values of gains and biases of TM after
May fourth, 2003

Band 1 2 3 4 5 6 7

Gain 072 144 103 087 011 0.05 0.0
68 25 99 26 99 51 653

Bias - - - - - 1.23 -
152 284 117 151 037 78 0.15

b)  Calculation of reflectance
p=nxD?*xL / (ESUNIXCOS (S2)) (2)

where p is the reflectance of the image, D is the
astronomical units distance, and commonly, its
value was 1. L is the radiation value calculated by
expression (1). ESUNI is the Solar Exoatmospheric
Spectral Irradiances. SZ is the solar zenith angle.
To get the SZ, we can use the expression below:

SZ =90° - SUN ELEVATION (3)

where SUN ELEVATION can be found in the
header file of TM image, it is 57° in the image
header file we used. IESUNI of every bands of TM
image can be obtained from USGS website, as they
were shown in Table 2.

Table 2 Solar Exoatmospheric Spectral Irradiances

(ESUNI)
(W/cm2.ster.um)
Band 1 2 3 4 5 7
ESUNI 1957 1829 1557 1047 2193 7452

So, with above all, and according to band 6 was
reflected the radiation of land surface, we calculated
the reflectance of TM band 1 to 5 and 7 with Model
Maker tools in ERDAS Imagine software, the
resulted image was show in Figure 2(RGB = 432).
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Figure 2 Reflectance Image
2) Index Calculation
(1) NDVI

NDVI is developed specifically for vegetation
information extraction with expression in the
following form:

NDVI = (pnir - Pred) / (PNIR T Pred) (3)

Where pyir is pixel's reflectance in near infrared
band; preq is pixel's reflectance in red band.
According to the parameter of LANDSAT-TM, the
expression can be changed to formula 4 :

NDVI = (pgand 4 —Psand3) / (Peand4 + Peand3z)  (4)

Through using the NDVI calculation, the
obtained value of NDVI obtained is between-1 and
+1. According to Fig.2, it also can be found that the
vegetation's gray scale difference is positive
between near infrared and red band, close to zero
for the cultivated land, and negative for the non-
vegetation area.

To easy the reading of the image, NDVI values
can be transformed to gray value range from 0 to
255. The formula of transformation is as follows,
where DN is pixel's gray value in new layer,
NDVI s is the NDVI minimum value of all pixels,
and NDVI . is the NDVI maximum value of all
pixels.

DN= (NDVI = NDVI ) / (NDVI 1y - NDVI
min) * 255 (5)

With the operation expressed by Equation (4)
and (5), the difference between non- vegetation area
and vegetation area is larger than that shown in
original image. The processing result is shown in
Figure 3(a). According to the image, we can get
that the vegetation covering ratio is very low in the
city at April, 2011.

(2) MNDWI
MNDW!I was proposed by Xu Hangiu (2005), it
was an effective index to extract water information

from remote sensing image, and its expression is as
below.

MNDW!I = (Green - MIR) / (Green + MIR) (6)

where Green was band 2 of LANDSAT-TM, and
MIR was the band 5 of LANDSAT-TM. As we did
in NDVI calculation, we did spectral equalization
to transform MNDWI value to gray value range
from 0 to 255, water information had high grey
value and the result image was shown in Figure 3

(b).

(a) NDVI image
Figure 3 NDVI Image and MNDW!I Image

(b) MNDWI image

(3) RISI

So far, many methods to extract impervious
surface (IS) in remote sensing image were based on
VIS model (1995), which proposed by Ridd[4].
Because these methods did not take the water
information into consideration, it must did water
information reduction and, bring about error [5-8].
To solve this problem, Xu Hangiu proposed NDISI
(2008), he used this index at ASTER and ETM"
remote sensing image to extract 1S information and
got a better result. But when we used it in
LANDSAT-TM, the result was not good, some IS
even had lower DN than water, therefore, if we
want to extract IS information. It is needed to find a
new method. Take these indexes were according to
the spectral feature in to consideration, we analyzed
the spectral feather of IS again, as shown in Figure
4, we found that 1S’s reflectance in Red band was
lager that it in Green band, water also had the
feature but soil and vegetation did not. Plus, IS in
band 5 was also larger than it in band 6 and, but
water, soil and vegetation did not. Furthermore, the
difference between band 3 and band 4 of IS was
larger than water’s. And, took that band 6 had
different resolutions with other bands into
consideration, we extracted IS information by steps
below.

Firstly, we used RISI which was calculated in the
following expression:

RISI=Red/NIR  (7)

where Red is the band 3 of LANDSAT-TM, and
NIR was band 4 of LANDSAT-TM.
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The result was shown in Figure 5.
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Fig. 4 Spectral feature

Fig. 5 RISI Result Image

Secondly, after the calculation, all of the IS can
have considerable value as water did, we chose a
threshold can extract water and 1S together and, got
a binary image too and, transformed RISI image’s
value to gray value range from 0 to 255, the result
was shown in Figure 7(a).

Finally, according to water’s value and IS’s
value in MNDWI, we gave a threshold to MNDWI
to get a binary image and transformed the image’s
value to gray value range from 0 to 255, we used IS
binary image subtract MNDW!I binary image to get
the impervious surface. The resulted image was as
figure 7(b) shows.

The reason we did this was that, after MNDWI
being binary, it shows the water information more
correct, and the binary image of RISI can show
water and IS information together more corrected
too. So, after did subtraction with them, the IS
result can have more accuracy in showing IS
information.

(a) NDVI (b) MNDWI

Fig. 6 Threshold Image of NDVI and MNDWI

e
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3) Threshold selection

To get the higher accuracy, we took the high
resolution image as reference to check the three
thematic information results. After compared the
results with the high resolution image many times,
we defined 155 as the NDVI threshold and did
binaryzation to the image. The resulted image is
showed in Figure 6(a).

Then, we used the same method to define 170 as
MNDWI threshold and did binarization, its resulted
image was shown in Figure 6(b).

As Figure 5 shows, when we chose the threshold
240 according to the high resolution image, almost
all of the impervious surface and area showed high
grey value, and took IS area had low value, and
water area had high value in MNDWI layer into
consideration, so we used RISI binary layer to
subtract MNDWI binary layer to get impervious
surface area. After compared with high resolution
image many times, 39 was defined to be the
threshold IS layer, and the result image was shown
in Figure 7(b), as we can see, the water area was
reduced obviously.

(@) RISI (b) IS
Fig. 7 Threshold Image of RISI and Impervious Surface

Fig. 8 Classification Rsult

After the three indexes information were
extracted, we used the below idea to define soil
area. Because the soil area had low value in all
three thematic layers, and every thematic layer
showed thematic information in high grey value in
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their own layer, so, the four classes of earth object
can distinguish after giving false color to the three
thematic layers, the result was shown in Figure 8.

To get the final accuracy, we use Accuracy
Assessment command of ERDAS Imagine software
to generate 200 sampling points in the original
image randomly, and then, to find the same position
on the high resolution image according to the
latitude and longitude of every sampling point on
the original image. After that we get the classifying
result at last, the overall accuracy is 91.3%, and the
KAPPA is 0.892. As we found, the error was
occurred in land object mixing area. If the more
accuracy result needed, Mix Element Decomposing
maybe taken into consideration.

5. CONCLUSION

With using three types of indexes, we got the
classification result including water, vegetation, IS
and soil. It did not use any classification arithmetic,
and can get totally accuracy 91.3%, and according
to spectral feature of water, vegetation IS and soil
at TM, we defined RISI and used binary RISI to
subtract binary MNDW!I to get IS information.
According to the result, it is an effective method to
extract IS information.
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